are powerful tools for spectroscopy, imaging, and WDM. Gupta traces the development of these devices and discusses current and future applications.
(AOTF) technology offers the potential for rapid, fre quency agile tuning from the ultraviolet (UV) to the long infrared (IR) wavelength range. An AOTF is an electronically tunable phase grating set up in an anisotropic crystal by the propagation of an ultrasonic wave in the crystal. Such filters, containing no moving parts, offer high-speed wavelength tuning that can be done sequentially or randomly, depending upon the programmed instructions for the applied radio fre quency (rf). AOTFs are finally beginning to replace conventional grating-tech nology-based optical in struments in a wide range of filtering, sensing, and imaging applications that can benefit from the size, speed, ruggedness, repro ducibility, and accuracy of AOTFs.
Among the attractive features of AOTFs are their small size, light weight, computer-controlled oper ation, and large optical wavelength range of opera tion, as well as the feasibili ty of making their opera tion ultrasensitive by the use of advanced signal pro cessing algorithms. These filters are being used in such applications as the design of new spectroscopic instru ments, remote detection and monitoring of chemicals, switching in optical communication networks, and tun ing of laser cavities. In recent years, AOTF-based near IR spectrometers have gained increasing acceptance as powerful diagnostic tools for real-time monitoring for process control and quality assurance in pharmaceutical interaction, a transmission grating is set up in the crys tal by the alternating planes of compression and rarefac tion created by a traveling ultrasonic wave, and the inci dent light is diffracted similarly to the diffraction of x-rays in crystals. The grating constant is equal to the wavelength of the sound wave in the crystal and can eas ily be changed by a change in the frequency of the acoustic wave. The fundamental operation of an AO device is as follows: a high-frequency electrical signal is converted into an ultrasonic wave by a piezoelectric oscillator (transducer) bonded to an AO medium; the sound wave travels through the medium and diffracts light in a certain direction. AO technology has now reached sufficient maturity that AO modulators and beam deflectors are widely used in laser printers and scanners.
Despite this progress, the effect that allowed the development of an AOTF was not discovered until much later; the delay occurred because until 1967, the discussion of AO interaction was confined to isotropic crystals. The AO interaction in anisotropic crystals (in which the speed of light is different in different direc tions) was first discovered by Dixon 2 
AOTF applications
AOTFs are powerful tools for spectroscopic and imaging applications, as well as being useful in other applica tions, i.e., communication and laser cavity tuning. This section will concentrate on two major applications, spectroscopy and imaging, and present some results.
Spectroscopy
AOTFs are increasingly being used in research areas requiring fast spectroscopic measurements based on absorption, emission, fluorescence, and Raman charac terization techniques. Such filters can be used as replacements for filter wheels and diffraction gratings. Because they are lightweight, compact, and insensitive to vibrations, they are very useful in designs for fieldportable spectrometers. A compact, no-moving-part, fully automated spectrometer can be designed that uses an AOTF cell with a suitable detection system, such as a photomultiplier tube (PMT). Because AOTF spectrome ters do not suffer from one of the main drawbacks of traditional spectrometers (the need for mechanical moving parts for the dispersive elements), AOTF spec trometers are much easier to maintain and operate. They are used more and more for process and quality control in various manufacturing settings in the phar maceutical and chemical industries.
At ARL, a quartz collinear AOTF spectrometer (see Fig. 1 IR polarization imaging using AOTF is expected to be a very powerful tool in object recognition for auto matic navigation and related man-made object recogni tion due to the possibility of exploiting the elliptical polarization characteristics exhibited by regular surfaces in this spectral region. 
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At present, both the spectroscopic and imaging applications of AOTFs are limited to mainly visible and near-IR spectral regions. AOTF cells are not commonly available at longer wavelengths where they will be more useful for remote sensing of the environment, as well as for medical applications, due to the fact that this is where various hydrocarbons and other compounds exhibit their molecular absorption spectra. More research needs to be carried out in growing newer and better quality anisotropic crystals to be used to design AOTF cells at longer IR wavelengths.
Outlook for the future AOTF technology has evolved significantly since its inception 30 years ago. The advantages in size, time of measurement, cost, programmability, and sensitivity offered by AOTF devices make them suitable for chemi cal sensing, frequency tuning, WDM switching, and imaging applications that require portability, robust ness, and compact size, both in laboratory and field testing setups. This promising technology can become more widely used if the fabrication is made more auto mated and the cost per unit is lowered. More research is needed to develop new materials and to improve the quality of existing materials to expand the wavelength range of operation to shorter UV and longer IR regions.
